To determine the risk of recurrent biliary events in the period after mild biliary pancreatitis but before interval cholecystectomy and to determine the safety of cholecystectomy during the index admission. Background: Although current guidelines recommend performing cholecystectomy early after mild biliary pancreatitis, consensus on the definition of early (ie, during index admission or within the first weeks after hospital discharge) is lacking. Methods: We performed a systematic search in PubMed, Embase, and Cochrane for studies published from January 1992 to July 2010. Included were cohort studies of patients with mild biliary pancreatitis reporting on the timing of cholecystectomy, number of readmissions for recurrent biliary events before cholecystectomy, operative complications (eg, bile duct injury, bleeding), and mortality. Study quality and risks of bias were assessed. Results: After screening 2413 studies, 8 cohort studies and 1 randomized trial describing 998 patients were included. Cholecystectomy was performed during index admission in 483 patients (48%) without any reported readmissions. Interval cholecystectomy was performed in 515 patients (52%) after 40 days (median; interquartile range: 19-58 days). Before interval cholecystectomy, 95 patients (18%) were readmitted for recurrent biliary events (0% vs 18%, P < 0.0001). These included recurrent biliary pancreatitis (n = 43, 8%), acute cholecystitis (n = 17), and biliary colics (n = 35). Patients who had an endoscopic retrograde cholangiopancreatography had fewer recurrent biliary events (10% vs 24%, P = 0.001), especially less recurrent biliary pancreatitis (1% vs 9%). There were no differences in operative complications, conversion rate (7%), and mortality (0%) between index and interval cholecystectomy. Because baseline characteristics were only reported in 26% of patients, study populations could not be compared. Conclusions: Interval cholecystectomy after mild biliary pancreatitis is associated with a high risk of readmission for recurrent biliary events, especially recurrent biliary pancreatitis. Cholecystectomy during index admission for mild biliary pancreatitis appears safe, but selection bias could not be excluded. (Ann Surg 2012;255:860-866) 
costs of acute pancreatitis currently exceed $2.2 billion. 3 In 80% of patients the pancreatitis remains mild, however, 20% of patients develop severe pancreatitis, which is associated with high morbidity and mortality. 4 It is generally accepted that patients with severe biliary pancreatitis should undergo cholecystectomy when signs of inflammation have resolved (ie, interval cholecystectomy). 5 After mild biliary pancreatitis current international guidelines advice "early" cholecystectomy. [6] [7] [8] The definition of "early", however, varies greatly between guidelines. The International Association of Pancreatology (IAP) recommends that all patients with gallstone pancreatitis should undergo cholecystectomy as soon as the patient has recovered from the attack, 8 whereas the American Gastroenterological Association 7 and the British Society of Gastroenterology 6 recommend cholecystectomy within a 2-to 4-week interval after discharge. This lack of consensus is also reflected by several audits from the United Kingdom, [9] [10] [11] Germany, 12 Italy, 13 and a large database study from the United States. 14 The differences between these guidelines are most likely caused by a lack of randomized controlled studies on this topic. The rationale of early cholecystectomy is to reduce the risk of recurrent biliary events (eg, recurrent biliary pancreatitis, acute cholecystitis, symptomatic choledocholithiasis, biliary colics). This may be essential, as a recurrent attack of biliary pancreatitis could be severe and thus life threatening. 15 In the case of clinical equipoise, the situation where no clear therapeutic recommendation can be made, many clinicians routinely perform interval cholecystectomy because this does not stress the usually already busy emergency theatre list, and for reimbursement reasons. 12 Therefore, it is essential to quantify the risks involved with interval cholecystectomy as compared with cholecystectomy during index admission (index cholecystectomy) and to grade the current evidence on this topic.
We performed the first systematic review on timing of cholecystectomy after mild biliary pancreatitis, and focused on (1) the risk of recurrent biliary events in the period between discharge after mild biliary pancreatitis and interval cholecystectomy and (2) the safety of index versus interval cholecystectomy after mild biliary pancreatitis. studies identified, all titles and abstracts were screened to select those reporting on the timing of cholecystectomy in patients with mild biliary pancreatitis. Subsequently, full-text papers of the selected studies were independently screened by 2 authors (M.v.B. and M.B.) for eligibility. When multiple articles were published by the same study group and no difference in study period was described, only the most recent paper was selected for this systematic review.
Inclusion and Exclusion Criteria
Inclusion criteria were (1) cohort of patients undergoing cholecystectomy after mild biliary pancreatitis (ie, either index or interval cholecystectomy); (2) information on the following essential outcomes: time between recovery from acute pancreatitis and cholecystectomy, number of recurrent biliary events prior to cholecystectomy, complications during the cholecystectomy (eg, bile duct injury, bleeding), and mortality.
Exclusion criteria were (1) cohorts with fewer than 5 patients; (2) cohorts including severe pancreatitis without reporting the results for mild pancreatitis separately; (3) cohorts without reporting on essential outcomes; (4) cohorts in which patients underwent index cholecystectomy during the initial attack of acute pancreatitis (ie, before recovery); the rationale for this being that the IAP guideline advices cholecystectomy only after recovery of biliary pancreatitis. 8 All references of the included studies were screened for potential relevant studies not identified by the initial literature search. The final decision on eligibility was reached by consensus between the 2 screening authors.
Data Extraction
From the included studies, the following variables were extracted (if available): definition of mild biliary pancreatitis, number of patients undergoing cholecystectomy after mild biliary pancreatitis, number of endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic sphincterotomy performed, time between first hospital admission and cholecystectomy, reasons for delay of surgery, number of re-admissions during time between first hospital admission and cholecystectomy, total number of recurrent biliary events (ie, biliary pancreatitis, acute cholecystitis and biliary colics) requiring readmission during time between first hospital admission and cholecystectomy, conversion to open cholecystectomy, complications, and mortality. If reported, follow-up and data of patients with recurrent biliary pancreatitis after cholecystectomy were extracted. The authors of included studies were contacted if one of these variables could not be extracted from the original article. We defined index cholecystectomy as cholecystectomy during the initial hospital admission for acute biliary pancreatitis. Interval cholecystectomy was defined as cholecystectomy during a new hospital admission for cholecystectomy, usually performed at least 1 week after discharge.
Assessment of Study Quality
We performed a quality assessment of the included studies with 2 previously validated checklists that scored the methodological quality of nonrandomized studies. 18, 19 Downs and Black 18 described a checklist with 27 items (one point for each item), which can be used for quality assessment for both randomized and nonrandomized studies. The MINORS checklist, described by Slim et al, contains 8 items for noncomparative studies and 12 items for comparative studies (maximum of 2 points for each item). 19 In both lists, a low score reflects a high risk of bias, whereas a high score reflects a low risk of bias. To facilitate comparison of both lists, each score was converted to a score on a 0 to 10 scale. Randomized controlled trials were only assessed with the checklist of Downs and Black. No studies were excluded on the basis of their score. Baseline characteristics were assessed to determine whether selection bias might have played a role in the timing of cholecystectomy (ie, less sick patients undergoing index cholecystectomy more frequently). Finally, we assessed reasons for delay of cholecystectomy.
Statistical Analysis
All data were pooled. Total number of readmissions due to recurrent biliary events was calculated, and every recurrent biliary event apart and compared between the patients with early cholecystectomy and interval cholecystectomy. Regarding the number of recurrent biliary events before cholecystectomy, comparison was made by patients with or without ERCP before cholecystectomy. Baseline characteristics were listed, and the number of complications occurred. Mortality and conversion rates were calculated and compared between patients with early and interval cholecystectomy.
Nonnormally distributed data were presented as median (interquartile range). Proportions were compared by the χ 2 test or the Fisher exact test, as appropriate. All statistical analyses were performed using SPSS for Windows version 16.0.2 (SPSS, Chicago, IL). Two-sided P < 0.05 was considered statistically significant.
RESULTS

Included Studies
The results of the literature search are depicted in Figure 1 . The initial search yielded 2413 potentially relevant articles papers. After screening titles and abstracts for relevance, 38 remaining articles were further assessed for eligibility. Although all 38 articles reported on the timing of cholecystectomy in biliary pancreatitis, 29 were excluded for the following reasons: cohort of patients not reporting on the incidence of recurrent biliary events before cholecystectomy (n = 9), 15,20-27 cohorts of patients with mixed severe and mild acute biliary pancreatitis and outcomes not reported separately (n = 6), 11, [28] [29] [30] [31] [32] cohorts of patients without data on the period between index admission and cholecystectomy (n = 5), 10,33-36 cohorts where no separate results were described for patients with acute biliary pancreatitis (n = 4), [37] [38] [39] [40] cohorts in which patients were operated during the initial attack of pancreatitis (n = 3), [41] [42] [43] cohorts with fewer than 5 patients per study group (n = 1), 44 and cohorts without documentation of FIGURE 1. PRISMA flowchart systematic review of timing of cholecystectomy after mild biliary pancreatitis. essential outcomes (n = 1) 45 . Finally, 9 studies were included in the current systematic review. 9, [46] [47] [48] [49] [50] [51] [52] [53] Six studies were retrospective cohort studies, 9, [48] [49] [50] [51] 53 2 studies were prospective cohort studies, 47,52 and 1 study was a randomized controlled trial 46 (level 4 evidence, level 4 evidence, and level 1b evidence, respectively). 54 In the one randomized trial, Aboulian et al 46 randomized between cholecystectomy during the initial attack of pancreatitis versus cholecystectomy after recovery but during index admission. On the basis of our exclusion criteria, we included only the latter arm.
Baseline Characteristics
The pooled data comprised 998 patients undergoing cholecystectomy after mild biliary pancreatitis (range per study: 19-281 patients). The definitions of mild biliary pancreatitis per study are shown in Table 1 . In the 9 studies, 15 cohorts with different timing of cholecystectomy were described. One study described 2 different cohorts of patients undergoing interval cholecystectomy ( Table 2 ). 48 Relevant baseline characteristics (ie, age and American Society of Anesthesiologists (ASA) classification) were only reported in 2 studies, including 263 patients (26%). A total of 483 (48%; described in 6 different cohorts) of 998 patients, underwent cholecystectomy during index admission. In the remaining 9 cohorts, 515 (52%) of 998 patients underwent interval cholecystectomy at a median of 40 days (interquartile range: 19-58 days) after discharge. Six studies (645 patients) reported on gender and age. The male-female ratio was 1:2, with a median age of 56 years (interquartile range: 53-60 years). Eight studies, including 13 different cohorts and 796 patients, reported on the number of patients who underwent preoperative ERCP: 308 patients (39%). Not all 8 studies reported numbers on the use of endoscopic sphincterotomy implicitly. Four studies described the use of intraoperative cholangiography. 9, 46, 48, 50 Readmission Before Cholecystectomy Table 2 shows outcomes as reported in the included studies. The readmission rate between discharge and interval cholecystectomy was 95/515 (18%). Of 515 patients, recurrent biliary pancreatitis occurred in 43 (8%), acute cholecystitis in 17 (3%), and biliary colics requiring readmission in 35 patients (7%). No new episodes of biliary events before cholecystectomy were reported in the patients undergoing cholecystectomy during index admission (18% vs 0%, P < 0.0001). Details about the severity of recurrent biliary pancreatitis could only be retrieved for 3 of 43 patients: 2 patients suffered from severe recurrent biliary pancreatitis 49 and 1 from mild recurrent biliary pancreatitis. 48
Outcome of Cholecystectomy
Eight studies, including 796 patients, reported on the conversion rate. Overall, conversion to open cholecystectomy occurred in 58 patients (7%), without differences between index and interval cholecystectomy. Major reasons for conversion were intra-abdominal adhesions, however, no exact data about the distribution of the conversions among the 2 groups could be retrieved. One study did not distinguish between laparoscopic and conventional cholecystectomy. 47 Although complications were described in all timing cohorts, not all studies described the number of patients with complications, but only the number of complications. For this reason, no overall complication rate could be calculated. A total number of 116 different complications were described, including 3 common bile duct injuries, without mortality. Again, the exact type of complications and distribution among the 2 groups could not be extracted from the included studies. Table 3 provides an overview of readmissions for biliary events in relation to the use of ERCP. Readmission after previous ERCP oc-curred in 14 (10%) of 136 patients, due to recurrent biliary pancreatitis in 2 patients, acute cholecystitis in 5 patients, and biliary colics in 7 patients. Notably, of 197 patients without previous ERCP, 48 (24%) were readmitted. These readmissions were due to recurrent biliary pancreatitis (n = 31), acute cholecystitis (n = 3), and biliary colics (n = 14). ERCP protected against readmissions (10% vs 24%, P = 0.001).
Role of Endoscopic Sphincterotomy/ERCP
Recurrent Pancreatitis After Cholecystectomy
Only 2 of 9 studies (n = 157) reported follow-up after cholecystectomy. 9,51 Cameron et al 9 reported one case of recurrent biliary pancreatitis (2%), 223 days after cholecystectomy and Nebiker et al 51 reported 1 case (1%) of recurrent biliary pancreatitis, 5 years after cholecystectomy. In both patients, a common bile duct stone was found. These patients suffered from mild pancreatitis and recovered uneventfully. It is unclear whether these patients had undergone index or interval cholecystectomy. The overall risk of recurrent pancreatitis after cholecystectomy in the pooled data was therefore 2 (1%) of 157. Table 4 shows the converted quality scores on a 0 to 10 scale. The randomized trial scored high, 46 5 studies scored moderate, 47-51 2 studies scored moderate to low, 9, 53 and 1 study scored low. 52 Reasons for delay of surgery were reported in 338 (66%) of 515 patients and were due to patient-related affairs (both patient-preferred delay and comorbidity, 34 patients, 10%), hospital-logistics (193 patients, 57%) and study design (111 patients, 33%). Two prospective cohort studies stated explicitly that cholecystectomy had intentionally been postponed because of the study design. 47, 52 
Assessment of Study Quality
DISCUSSION
This first systematic review on the timing of cholecystectomy after mild biliary pancreatitis found high readmission rates (18%) for interval cholecystectomy. As morbidity was comparable between index and interval cholecystectomy, it seems that cholecystectomy during index admission should be the preferred strategy for patients with mild pancreatitis. However, as baseline characteristics were often not provided we cannot be sure whether the 2 groups are truly comparable. Selection bias might have played a role, for example, patients with more comorbidity might have undergone interval cholecystectomy.
Why do clinicians perform interval cholecystectomy so often? Lankisch et al 12 sent a questionnaire to 190 German gastroenterologists and found that lack of operation room availability and budgetary restraints were the reason that only 23% of patients had undergone cholecystectomy during the initial hospital admission for mild biliary pancreatitis. These arguments have been challenged by a recent paper, concluding that cholecystectomy during index admission is both feasible and cost neutral. 10 For several decades surgeons have legitimated the choice for interval cholecystectomy by the belief that cholecystectomy during index admission would be associated with difficult dissection due to edema caused by pancreatitis, which could lead to more surgical complications and "unnecessary" conversions. In contrast to this belief, in 107 patients with mild biliary pancreatitis, Sinha 53 found that difficult dissection of Calot's triangle occurred more frequently in interval cholecystectomy as compared to index cholecystectomy (42% vs 12%, P < 0.001).
Because the majority of patients apparently do not suffer from recurrent biliary events necessitating readmission, one might ask "How detrimental are these recurrent biliary events? Why not only perform cholecystectomy in case of readmission?" Furthermore, although cholecystectomy is considered as a definitive treatment, still 1% to 8.7% of patients suffer from recurrent biliary pancreatitis after 53 India 2008 Serum amylase level more than 2 times the normal, increase ALT to 3 or more times the normal. US features of pancreatic edema and cholelithiasis with or without CBD stones. Ranson ≤4. Aboulian et al 46 USA 2010 Upper abdominal pain, nausea, vomiting, epigastric tenderness, absence of ethanol use, elevated amylase level to at least twice the upper limit of normal. Imaging confirmation of gallstones. Ranson ≤3, clinical stability with admission to a non-monitored ward bed, absence of acute cholangitis, low suspicion for a retained CBD stone.
ALT indicates alanine transaminase; CBD, common bile duct; CT computed topography; ICU, intensive care unit; MRCP, magnetic resonance cholangiopancreatography; US, ultrasonography. cholecystectomy. 13 Nevertheless, 4% to 50% of cases of recurrent biliary pancreatitis are severe, which might lead to mortality, although fortunately not reported in this review. 15, 55 Because recurrent biliary pancreatitis occurred in 8% of patients in the interval cholecystectomy group, we feel this is a strong argument in favor of cholecystectomy during index admission.
It is generally accepted that patients with mild biliary pancreatitis without signs of (potential) cholangitis do not benefit from endoscopic sphincterotomy. 4 In this review, however, ERCP (or probably more correct: ERC) was performed in 39% of all patients, but no explicit data on the number of endoscopic sphincterotomies performed during ERCP or the presence of cholangitis could be extracted from the included studies. Recurrent biliary complications occurred in 10% of patients with and in 24% of patients without ERCP. This difference was mainly due to a difference in recurrent biliary pancreatitis (2% of patients with ERCP vs 16% of patients without ERCP). So, although ERCP prevents recurrent pancreatitis to a large extent, it does not prevent against acute cholecystitis and biliary colics (8% with ERCP vs 9% without ERCP). These numbers support the finding of a recent nonsystematic review; ERCP decreases the incidence of common bile duct stones-related complications, but will not prevent gallbladder stones-related complications, like biliary colics and acute cholecystitis. 56 Although in this review the percentage of patients with preoperative ERCP seems to be very high, it is important to realize that with lower incidence of the protective ERCP the incidence of recurrent biliary events, especially biliary pancreatitis, could well have been even higher.
The results of the included studies are possibly flawed by selection bias, because the choice for index or interval cholecystectomy was to a large extent based on clinical arguments. There may also have been publication bias, as a result of underreporting by doctor or patient of biliary colics in general or as a reason for readmission. Another limit of this systematic review is the fact that most included studies were of moderate to low methodological quality. Furthermore, no adequate follow-up after cholecystectomy was reported in most studies. Although follow-up is not necessarily needed in a comparative study of preoperative readmissions for biliary events, it would give us a better insight of postoperative complications and recurrent biliary events after removal of the gallbladder.
Only one randomized trial, by Aboulian et al, was included in this review. 46 The primary endpoint of this trial was length of hospital stay. The study was stopped at interim analysis for a oneday shorter hospital stay after early cholecystectomy with no difference in secondary endpoints (eg, conversion rate, complication rate and mortality). We did not include the early group of this randomized controlled trial, because we did not study cholecystectomy during pancreatitis but cholecystectomy after pancreatitis. There may be risks involved with performing cholecystectomy in the first 48 to 72 hours of pancreatitis, regardless of the clinical condition of the patient. 57 Of all patients with predicted mild pancreatitis, some 15% of patients will progress to severe pancreatitis. 58, 59 Performing a cholecystectomy in patients with severe pancreatitis may be unsafe. 5 As in other studies, [41] [42] [43] no life-threatening complications or mortality were noted, but with only 25 patients in the early group these numbers might have been too small to detect these complications. 46 Furthermore, the authors mainly included young Hispanic females, a population that may be of lower risk of complications than many populations with mild pancreatitis worldwide. 60 Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. 50 6.7 5.9 Cameron and Goodman 9 5.6 5.9 Griniatsos et al 48 6.7 6.7 Clarke et al 47 6.7 6.7 Ito et al 49 7.5 6.3 Nebiker 51 7.5 6.7 Sinha 53 6.3 5.2 Aboulian et al 46 -8 . 9 * All scores are 0-10, with 10 reflecting the highest methodological score.
Although interval cholecystectomy is clearly associated with an undesirable high rate of readmissions, the included studies were of insufficient quality to exclude selection bias. Therefore, randomized controlled studies should confirm the efficacy and safety of cholecystectomy during index admission for mild biliary pancreatitis.
